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I’RET..IMDIARY RBUL'I‘S OF A IREE-FLIG."ET BWBTIGATION :
GF THE S![‘ATIC STABILITY A'ND A]I.ERON CON!EROL

cmmcmxsncs . g-SCALE MODELS
o . OF m BELL MX-T76
By David. H Michn.l and. Gra.dy L. Mitcha.m

TR ' An i.nvestigation of the sta.tic longitudim.l atability, static directiona.l
I stability, and aileron control chara.cteristice at tra.nsonic and supersonic

SR ' spéeds is being made of %—scale rocket-propelled models o:f‘ the Bell Mx-‘776

A sta.bi.lity invastiga.tion has been mede of two symnetrica.l models with IR
' "-controls und.eflected. and’ centers of gra.vity one-half and one-body d.ianeter, L
- reapectively, ‘ahead’ of the equiva.lent design center- of—gravity location '
LA of the full-scale veraion. Both models déveloped ]a.rge normal-force
§: . . coefficients in both the subsonic and supersénic ranges which indicated
"« longitudinal instability ‘et low angles of attack. The side-force
o coefficlents were emall for both models and indicated that the models were
directiona.l_ly stable. A possible tendency toward dynamic directional.
' insta‘bility in the transonic: region was indica.tad 'by short-period. o
oscillations of the aide i’orces. S

AR, L

SR 'I'he results showed. a pa.rtial-spa.n inboard. aileron to be ineffective
TR "_r or to cause negative control .in the transonic ‘regiocn when deflected
p . a.pproximtely 5° but not when deflected 10°. An investigation of drag

. showed '1t. to increase with a rearward movement of the center of. gra.vity
. This indicates ‘an increase in the’ 'Brim angle of attack: ag could ba caused
LE ‘-by a decreo.se in sta.tic sta.'bility _

. mjrgdnw:nion
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" At the request of the Air Ma.teriel Command Arnv Air Forces the
'Langley Pilotless Aircre.ft Resea.rch Division ia conducting tests L
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1 ls of 'bhe Bell MX—'{"(S at the RACA Pi1lotliess Alrcraft .

Reeeerch Stati n, Wellope Ieland., Va. The purpose of these tests 1s to

S CTE N investigate the statilc 1ongitudine.l stabllity, etatic directional. stability,

ERsTeyT - dfideileron co trol ‘characteristics of the MX-TT76. This paper covers the

- ... flights ‘of ‘slx models which were launched during & 3-month period that '
;ended in September 1911-8. Models 1 and 2 were instrumented to measure

: {;ncmel and traneverse acceleration and were flown with 0° deflection of _

.. tHe"control: swrfaces. ..Models .3, 4, 5, and 6 were instrumented to measure -

L rolling velocity and were ﬂown w:lth e.ilerons deﬂected. O° k. 7° 10.0°,

L e.nd L. 6°, respectively : : . '

' ,f.‘of -6--ecale '

Scme drag data were o'btained fram all but one flight The teets

: v..were canducted by means of f‘ree-flight techniq_uee d.eecri‘bed in refer--
: "ences l a.nde. o

L S A

- rolling veleci*lw, _radia.ns per second Sttt ‘

. '-_"',d.ia.meter of circle swept by wing tipe (2 072 ft) |

"'.."':;‘flight—path :,)velocity, feet per second. i
LR 1.:"':}d;yna:nic preeeure pounde/equa.re foot (9_;_?,)

‘ '.:,"-'v~'_densi'lw, eluge/cubic foot

. SF ., ' 'body frontal al‘ea. (0 1758 Bq ft). s
GN o noml:force'cceftl‘icient (%ﬂm) ; "
dras coefficient (i':s-li'a-&>u ,‘

a.vere.ge aileron deflection meesurea. 1n the free etrea.m d.irection
d.egrees :

6y drag coerriotent (DAY Y

g *“ﬂ. -Wﬂfmmt:\ «e rna \ 1\ e

we:lght of mod.el, pound.e
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norml a.ccelera.tion, feet per eecond. per second.
T -tra.nsverse a.ccelera.t:lon feet per second. per second
a.ccelera.tion due to gravi’q, feet per secoml per eeoond
' MODEIS m} msms ‘
Mod.ei,s E

‘ '.l"he" %—scale modele ueed for thie mveetiga.tion were supplied by

" 'the MX-TT6 contractor. ‘The fuselagee were constructed of balsa wood with
©0e L aluminum castings to serve ag mounts- £6r the metal wings and tailg., The *.
EREA noee eectione Were mde of plexiglae a.nd contained & small radio tra.nsmi'bter. _

. Figure 1 eho’ws a’ three-view d.rawing of the model The pertinent ST
' ‘general epecifice.tions are given in table I, and the model characteristics
are given in table II. The areas given in fig\me 1 include wing areas - '
~obtalned by e:tend.ing all leading and tralling edges to body. centér line.
- The center of gravity shown in figure 1 is the corresponding full-scale-
'--'.',d.eeign looation. For the models covered by.-the preeent paper the” centere e
o gra.‘vity were located forward of this point as indiceted in 'bable II v
R Photographe of one of the mod.ele are ehown in i’iguree 2 to 1+ Jenet U

o . " The" mod.els were prope]led. by a 'bwo-sta.ge rocket-propuleion syetem

i _to a Mach numher ‘of ‘about 1. T - The. booster delivered 3100 pound.e of-

... thrust for 1.5 seconds, &nd ‘I:he sus'ba.iner mo‘boz' developed 2000 pound.s
=-‘-.of thruat forO 9 eecond o _ _ » ;

Teate 3

a0 The modele were: la.unched. fran a. ra.il type huncher (fig. 3) eet et ,
w ol - apy eleva.tion angle of approximately 60°. The flight-path velocity wae
genenl.'ly obteined with'a contmuous-wave Doppler velocimeter rada.r

““unit. For the lower speed. ranges of, some-of the modela +He - velocity R
. was calculated using drag da.ta measured for the other modele. A‘hnospheric C
" dats wers obtained by the use of radiosondes. Models 1 and 2 were - - ..
AT -equipped with two-chammel nose-type telemeters that transmi tted continuous LT
7 o signals of nornnl and transverse accelera:bion to “two.. ground stations. T

" .- . _.These statiors recorded the signals in the form of time hietories. - The '~ .-
'. S ‘accelera.tions were mea.eured relative to the center llume of the nodels. :
.- - T4me histories of the rolling velocity were obtained with Bpinsonde

" ... _ radio equ:l;nent for the four aileron-effectivernsss models. A plo{; of
e ,Reynolde number againsgt Me.ch num'ber ehown in figure 5, indicates. the

=y T eca.le of 'bhe teste.,
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e AT REDtl_J,;['ION OF DATA

Lo : Nach number was d.etermined. by use of ra.d.iosonde data and Doppler

s e -mu—:t‘ligheb»pa.th wwelocity: - The:values -of normal and transverse accelerations
" “obtalhed from the telemster time histories for the deceleration phase.

of the flights were converted to’ coefficienta by the re].a.tionehipe ‘

Cy = Wa.n g
) Q.SFS*:_

The rates of roll fran the spinsonﬂ.e time histories 'were used to obi',a.in"f'i :

obtained by  the graphic differentiation of the curve of Doppler flight- ‘
path velocity a.gainat time S ‘ . 4

e AT e

eSS

.. he accurdcy of the tests is estimatéd to be within the following
. ".‘ . e, .o - - © & & s s e 19.065 o
Q v . ’.'-A'.‘,-_-. . ..‘.':- ."'l-".'-. ce *0-032

| e e . .. $0.001

. v '-c'. -"A__'-' n‘:c‘ A b 0.-".":' " ’ ': "' v '.' e .." to 02
-0 X . N ’ _._. .'.."l.'.. . to 01

'I’he ca.lcula.ted flight-pa.th velocities and correaponding )hch numbers
‘are” estimted to be a curate to t5 percent , , S

msums A.IID nxscuss:[on ’

o smﬁnw

i data’ Gbtained From the 'f’li&ﬁ"a‘"éf"in’b’de‘i i are. ghovh in figwre 6.
S ag va.ria.tion of normal-force and side-force .coefficients with Mach number.
Although the center of gra.vity of this model was one—hnlf ‘body die.meter -

Blen S ., , . Tr ol . .
A L O .. - . .
i) L e - R

"tip helix angles as fumctions of Mach number. - The values of drag were .= '
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;' dhead of the design 'lc:Jéa'fion and all controls were neutral, the model

developed large. norma.l forcea which at same speeds exceeded. the limit

of the measuring instrument. The actual normal-force coefficients could
bé determined only for the Mach number ranges fram 0.76 to 0.95
.and 1.65 to 1. 69 Inasmuch as the normal acceleration exceed.ed the

. limits of the instrumentation in the Mach number range from 0.95 to 1. 65,
iew DO -VAluea for - Cx - were obtained in’this range, but the maximum valus of
“normal accelera.tion for the instrumentation wae used to indicate the

'minimum poasi'ble CN . ag shown by the Aash part of the curve in figure 6,

- Model 2 was similar to ‘model 1 with the exception of the cen'ber-of-mvity
: loca.tion which was a.pproximtely one body diameter ahead of the design

‘center of gravity. The data for model 2 are presented in figure 7. ,
!l'.'he va.lues of CN were ama.ller for ‘model 2 then for model 1 for correspond.ing

Ma.ch numbers which indicated that modél 2 was trimi.ng at amaller angles

" of attack. For model 2 the change in sign of Cy at a Mach number

.of a.pproxi.untely 0.925 indicates that the model was d.istm"bed and changed

E from a trim point at a posi'bive angle of attack to one at a negative a.ngle
. of attack: No force data were obtained in the Mach number range

W :

from O, 95 %0 0.97 and is 80 indicated in figure 7 by dash lines. thpublishe_d.,.
-supersonic wind -tunnel data showed a'model with the center of gravity at

- the design location to be unstable’ at angles of attack near 0°, with trim’

points at approximately +6° at a Mach number of 1.28 and #ho at a Mach

- ‘number of 1.72. The valuss of Cy - (figs. 6 and '7) were sufficiently small.
... throughout the speed rangeé of the testa to indicate static directional :

stability.  The fact that short-périod oscillation of the side forces

. otcurred as “the- models decelerated through the trensonic region inﬂ.icates -
- poasible tenﬂ.ency tom'd.s ﬂ,y-nmnic d.:l.rectioml insta'bili’cy in this region

Aileron Effectiveness

The results of the da.in obta.i.nad from the fligh‘bs of mod.els 3, h 5,
and 6 are shown in figure 8 as plots of pb/2V  against Mach .number. j,.: C

. Doppler flight-path velocity wvas obtained for a Mach number range
" fram 1.267to 1.48 for model 3, frcém 0.95 to 1.73 for model 4, and
' fram 1.18 to 1.78 for model 5. Doppler flight-path velocity was not-
' obtained for model 6. Tip helix a.nsles wore ‘derived for each model by’
... -using these velocities and thé rolling - velocities obtained from the
" .. spinsonds Fecords. Thege cirves of <pb/2V were extended by using - :
" calculated flight-path velocities in conJunction with the measured rolling

,velocities The results from the test of a partial-span inboard aileron

deflected 4.T7° (model &) showed that the rolling. ef fectivensss decreased
L ;;abruptly in the Mach number range from 0.85 to 0.95.  The direétion of
.. roll was’ reversed in the Mac¢h number: range between 0.93.and 1. 07 and

"showed a g:ra.dua.l increasge in a.ileron rolling effectivénase up to a Mach

.. number of 1.40. - The results of the test of the sams aileron configu:m.tion
. ..deflected k.6° (mdel 6). showed the same general characteristics except in
_the Mach number range fram 0.93 to 1. 07._ In this Mach number range model 6

showed &n admost complete loss of alleron control but no actual control
‘reversal. The reaults of the same aileron configm'ation deflected 10.0°
"(model 5) showed no reverea.l but ehowed. an a.brupt d.ecrease in rolling

s .-
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"‘ | . offectiveness in the Mach number range “from 0. 85 to O. 90 and a gradval

S ' d.ecrea.sele in roll:!_ng effectiveness up to the maximum Me.ch mnn'ber tested
' ' of 1 T : ;

e . .t . . > A_" | . [
¥ . - . . ‘.:,”“,: . .
T S IAY A :.-V.:.'yf* -, "-'"v‘ nm. '-'s'*; - .:. Lot ch! r-@ m

- The enct d.ra.g of the configuration ca.nnot 'be evalua.ted because of
“'the erratic flight caused by the instability of the models. The approximte'
d.rag ‘ddta presented in figuré 9.as variation of drag coefficients with -
. Mach number show the more gtable models (models 2 and 3) .to hLave had
- .. less drag than the others a.nd. therefore must have been trimming at snaller
. e.ngles of atta.ck : o , R

......

4 T

s The present MI-776 ha.s a. region of static 1ongitud.1.nal :Insta'bility
ST near: O° angle of attack. This region appears to be largest in the
transonic range and to- d.ecrease with an increase in Mach number in. the
supersgonic. range. The configura.tion appeared to be sta.tica.lly stable
directionally with the possibility of a tendency toward dynamic - - - - -
directicnal instability in the’ tre;lsonic rangse. Ad.ditione.l tests are . = .. -
planned. for models modified to improve the s'l:a.bili'!v -

Le.ngley Aeronautica.l La.bora.tory o :
National Advisory Committee for Aeronautics
Iangley Air Force Base Va

t David II Michal
Aeronautical Resee.rch Scient:lst

- "." . . . I. ‘_'.’ . " . L . “: . . . ..: Gmdy L mtcmm
) Aeromutical Engineer

Tl Ha. s

i o Approved‘ - e QTN :
'7‘:;'.-3 : ' """ Robert R. Gilruth
.Ch:Lef of I’ilotless Aircra.ft Research Division
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TABI.E II

MODEL CEARACTE?ISTICS D‘URING THE UNPOWERED

[Station numbers correspand to distance

C e PGRTION OF !I'EE FLIMT

in in.: from’ point of noae]

 Hototn | etrmemtetion

' Mléi—dn
deflection’
deg,

Weigh'b

)

¢.G. »'lo'ca"t.:ion'v
- station

- U T I N

o SpInsond.e'

} ) Telemater.’;

Spinéonde '
' '_Spinsond.e :

Spinsonde‘

; Teleme‘&er;-"

0

0

0
L7
10.0
4.6

) ﬁ£46'i 3
s |
Lig.
' 5h3.2.;
Ciges |
1w |

5.7
2.9
339

35-7"

‘5¢35 91_,;i

‘45i§mg;§??{f'
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Drag’ coefficient, .G,
5 &
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-

®
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D

C.g. afsfa 357 8.=0'
mogdel I

———

RS | , ! ]\ - :
- L 4 . - c.g. at sta.33.9; §#0
WEa / \ _ r . model 3|
P : / . _é. g.' at sta.32 9 Q‘O‘.‘,
S T -Y S — model 2— :

'8 9 10 U 12 S
A Mach number ' '

Figure 9.— Va.ria.tion of trim d.rag cOefficients w:lth Ma.ch num‘oer. -
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